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INTRODUCTION 
Biever (2), working in this laboratory, isolated numerous 
diphtheroidal organisms from cattle and swine sources. 
These anae·robic diphtheroids were .morphologically similar to 
organisms in the genera Corynebacterium and Actinomyces. King and 
Meyer (25) found that isolates of anaerobic diphtheroids from human 
sources were more closely related to the Corynebacterium based upon 
metabolic and serologic differentiation. Their work consisted of 
separating!!:.• bovis from several isolates of anaerobic diphtheroids 
on the basis of the catalase test, litmus milk reactions, and the 
fermentation of xylose, salicin, and raffinose. However, Grasser (16) 
reported that the fermentation reactions are variable and cannot be 
used as definite criteria for positive identification. The catalase 
test, which in the past was considered a specific test for differ­
entiating Actinomyces spp. from anaerobic diphtheroids and 
Corynebacterium spp., is no longer as useful because some of the more 
recently described Actinomyces spp. are catalase positive (36) . 
Slack et al. (44) defines anaerobic diphtheroids as being 
widely used to designate "organisms having morphological 
characteristics of a Corynebacterium but which cannot or are not 
designated by a given species name.'' 
Smith and Bodily (45) stated that the anaerobic diphtheroids may 
resemble or be confused with Actinomyces spp . as well as with the 
anaerobic corynebacteria. Many of the tests performed by this group 
of workers gave variable results. However, the isolates studied 
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were provisionally identified as Corynebacterium acnes on the basis 
of selected biochemical tests together with serological methods. 
Cummins and Harris (8) used paper chromatography for cell-wall 
analysis and concluded that the cell-wall composition could be used 
as a taxonomic characteristic in identifying organisms. 
Obviously, much confusion exists in classifying the anaerobic 
diphtheroids and differentiating Actinomyces spp. and Corynebacterium 
spp.· In this study thin-�ayer (TLC) and gas chromatographic methods 
were used to determine the cell-wall constituents of known Coryne­
bacterium spp. , Actinomyces spp., and a selected number of anaerobic 
diphtheroids isolated by Biever (2). 
LITERATURE REVIEW 
Morris (cited by Batty, 1) defined the genus Actinomyces as: 
Gram-positive, non-acid-fast, non-motile organisms which 
in young cultures appear as rods. These rods grow out to form 
a septate branching mycelium which produces terminal swollen 
cells . These break off and germinate to produce an irregular 
branching, non-septate mycelium. Spores are produced on short 
stalks from the non-septate filaments. No aerial mycelium is 
produced . Type: Actinomyces bovis . 
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In 1 877 Harz (18) isolated arr organism from lumpy jaw in cattle, 
which was similar to the organism described by Bollinger (3) as 
A .  bovis . Several years later Ponfick (cited by Frost, 1 3 )  
demonstrated that similar lesions occurred in humans . 
Cutler and Gross (11) stated that 60% of the cases of 
actinomycosis in humans occurred in the face, jaw or neck. The 
next most frequent site of infection was.the abdominal cavity where 
20% of the infections appeared. About 15% of the infections were 
present in the bronchial tree, pulmonary tissues, pleura or chest 
wall . The skin and other viscera accounted for the remaining 5% of 
the infections . Cutler and Gross identified the causative agent in 
these human cases as A .  bovis . 
Shortly after Bollinger (3) and Harz (18) had identified 
actinomyces in cattle, Israel (23) described lesions in man, which 
resembled those observed in bovine diseases (13). 
Wolff and Israel (52) successfully cultured an anaerobic 
actinomycete from cases of human actinornycosis . Their classical 
description of the morphology and physiology of the organism enabled 
subsequent workers to identify and establish the organism as a cause 
of human actinomycosis. 
In 19 00, Silberschmidt (37) first successfully cultured an 
·anaerobic actinomycete from lacrimal concrements. A year later he 
isolated a strain from maxillary actinomycosis of a cow and compared 
it with strains isolated from lacrimal infections in man (38). All 
strains were considered to be identical . 
Breed and Conn (4) reviewed the literature pertaining to the 
taxonomy and concluded that the name Actinomyces was the most valid 
name for the organism according to the rules of nomenclature and 
usage. 
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As a result of these previous studies, the name A. bovis was 
applied to the anaerobic organism causing human and bovine actinomy­
cosis . However, in 1940, Erikson (12) compared isolates of Actinomyces 
from both human and cattle sources. On the basis of colony morphology, 
growth characteristics, and serology, she concluded that there were 
sufficient differences between the strains to warrant species 
separation. As a result she restricted the name Actinomyces israelii 
to those strains isolated from humans which grew slowly to form 
granular or rough colonies in liquid and on solid media. Actinomyces 
bovis was then used to denote those organisms which, when isolated 
from bovine sources, grew rapidly and formed smooth, circular, soft 
colonies on solid media or formed turbid growth in liquid media. 
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Her work was later supported· by Thompson (Li8), and both species 
are described in the 7th edition of Bergey's manual of Determinative 
Bacteriology (5). 
Pine et al. {33, 34) described 2 human isolates from the lacrimal 
canal as A. isra2lii. Both organisms were morphologically and 
physiologically similar. However, 1 of the organisms fermented 
glucose to form propionic acid in addition to acetic, formic, lactic, 
and ·succinic acids. Buchanan and Pine (6) showed that this organism 
(designated A. israelii, strain 699) possessed many of the character­
istics of recognized species of Actinomyces, however, major differences 
were found in metabolism, physiology, and cell-wall composition. In 
many respects the organism resembled members of the genus 
Propionibacterium. As a result of these findings the organism did 
not fit any of the previously described species and thus the name 
Actinomyces propionicus, sp. nov. was proposed. 
Batty (1) isolated an organism from deep dentinal caries �1ich 
conformed to the characteristics of the genus Actinomyces. However, 
the isolated organism differed in its greater tolerance of oxygen 
and in its production of a reddish-brown pigment on blood agar. 
The name�- odontolyticus was therefore proposed. Actinomyces 
odontolyticus was found only in advanced cavities in human dentinal 
caries, and not in early ena·mal caries. It was also exceedingly 
difficult to isolate and identify. 
Georg et al. (15) isolated 4 unusual strains of Actinomyces, 
2 of bovine and 2 of human origin (Table 1). These unknowns were 
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compa.red with 6 well-identified Actinomyces spp. Their oxygen 
requirements, and morphological and biochemical characteristics were 
determined. The 2 bovine strains were shown to represent rough and 
smooth forms of A. bovis. The 2 human strains were shown to 
r�present a new Actinomyces spp. In a later publication Georg et al.· 
(14) reported after more extensive studies, which included animal 
pathogenicity tests, that the 2 organisms isolated from human pleural 
fluid and a lung abscess differed sufficiently from known 
Actinomyces spp. to warrant a new species. The isolates were 
specified as A· eriksonii, �- QQ.Y• after Dr. Dagny Erikson in 
recognition of her extensive studies on the genus Actinomyces. 
Thompson and Lovestedt (49) isolated Actinomyces organisms 
from the·mouths of human patients which grew under both aerobic 
and anaerobic conditions. These isolates resembled the isolates of 
Naeslund (27), who in 1925 described aerobic actinomyces obtained 
from the human mouth. In recognition of Naeslund's description the 
name A. naeslundii was proposed for this organism which to date is 
considered a saprophyte found in the mouth and which has frequently 
been confused with A. israelii. 
Howell et al. (22) studied 200 strains of Actinomyces isolated 
from the oral cavity in the absence of actinomycosis and 11 isolated 
from actinomycotic lesions . It was found that the strains were of 
2 main types, 1 corresponding to the organisms described as 
A. naeslundii and the other type corresponding to those isolated 
Table 1. Cell-wall composition of Actinomyces spp. and 
unknown strains (15) 
•rl •rl 
•rl 
Cl) •rl 
•rl 
H ;:> 0 p::; 
0 H I 
•rl .0 C"') C"') r-
r-� 0 
I ..j" 
�, �, �, � � � � 
Amino acids 
Aspartic 0 3 2 3 3 3 3 
Alanine 3 3 3 3 3 3 3 
Glutamic 3 3 3 3 3 3 3 
Lysine 3 3 Tr 3 3 3 3 
Diaminopimelic acid 0 0 2 0 0 0 0 
Carbohydrates 
Arabinose 0 0 0 0 0 0 0 
Rhamnose 0 2 0 2 2 Tr 0 
Galactose 2 t 3 ? ? 3 2 
Glucose 0 0 3 ? ? 0 0 
Mannose 0 + 0 1 1 0 0 
Fucose ? 0 ± 0 1 1 0 Tr 
Numbers indicate relative concentration 
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from lesions and described as A. ·israelii. This work substantiated 
the reports of Thompson and Lovestedt (49). It has been recommended 
that the name A. naeslundii be accepted for this fast-growing, 
facultative type of Actinomyces. 
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Negroni (28) working in Argentina, isolated an organism from the 
human mouth which produced discoid colonies in agar, its morphology 
and biological properties corresponded to an organism isolated by 
Gruter in 1 933 (cited by Negroni, 28).  Gruter's isolate did not 
co"nform to the already known species and on the basis of these 
differences the name Actinomyces discofoliatus was applied. 
Vawter (51) , while working with isolates from swine, recovered 
Corynebacterium pyogenes concomitantly with P::_. bovis from 
actinomycotic-like lesions, including bone actinomycosis in cattle. 
The diphtheroid foms of A. bovis closely resembled _g_. pyogenes in 
respect to morphology and staining. Vawter stated that: 
. . .  until a large number of Actinomyces strains are 
studied under uniform conditions to determine their relationships 
the pathogenic Actinomyces will undoubtedly remain in chaos. 
Howell and Jordan (20) isolated an organism from carious teeth 
in hamsters which was studied at a later date (21) and · placed in the 
family Actinomycetaceae based upon its morphological and biochemical 
characteristics. The "hamster organism" differed significantly from 
the genus Nocardia leaving only the genus Actinomyces to consider. 
However, on the basis of the catalase test, which is positive £�;the 
"hamster organism, " a new genus and species was proposed, Odontomyces 
.-viscosus·. 
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Englert (cited by Grasser� 17) studied an organism isolated from 
an actinomycotic swine udder. The organism was a microaerophilic 
Actinomyces spp. and the name A. suis was proposed. Grasser (17) 
succeeded in culturing 2 groups of Actinomyces from udder infections 
-of swine. One of the groups was identified as A. israelii. The 
isolates of the second group were reported as A· suis on the basis 
of biochemical reactions and the agglutination test . 
Pine and Georg (32) studied organisms previously named 
Lactobacillus parabifidus and on the basis of morphological and 
physiological characteristics suggested that the organism be placed 
in the genus Actinomyces and consequently named it Actinomyces 
parabifidus. 
Pine et al. (35) made a study of eleven cattle strains of 
Actinomyces. These strains were compared with 15 human strains 
identified as A. israelii and A. naeslundii. Ten of the cattle 
strains constituted a homogeneous group identified as A· bovis, 
based upon cellular and colonial morphology, physiology and 
fermentative ability. Thus, the findings of these studies supported 
the work of Erikson (12) that A· israelii and A. bovis �re indeed 
separate species. 
King and Meyer (24) used the agar gel-diffusion technique of 
Ouchterlony (29) in the studies of Actinomyces spp. It was shown 
that A. israelii is antigenically distinct from A. bovis, whereas 
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A. naeslundii cross-reacts with A� israelii and A- bovis �uggesting 
that�- naeslundii is a transitional form, having antigenic relation­
ship to both other species . 
Slack et al. (43) used reciprocal agglutinin adsorption 
·procedures to show that. a group of 20 cultures of actinomycetes 
isolated from human, cattle and swine sources may be divided into 
2 serological groups and the actin__omycetes within each group are 
antigenically similar. The 2 groups were designated as A and B .  
A third group, C, has also been established but not reported (44) . 
Slack and Moore (41) were the first to report the use of 
antiserum, prepared by rabbit immunization, for the fluorescent­
antibody (FA) procedure. The FA results of this study further 
confirmed the existence of  these 3 serological groups. 
Slack et al. (44) studied 138 isolates from animal and human 
sources in an attempt to establish serological groups . A fourth 
group, D, was proposed. Seven cultures of Corynebacterium acnes 
were studied and all fell in group A, as did known Acti.nomyces spp. 
(Table 2). On this basis it was suggested that f. ac�es be placed 
in the genus Actinomyces. The results also indicated that certain 
serological relationships exist between the anaerobic diphtheroids 
and Acti.nomyces, thus, the serological groups included both 
organisms . It was also found that no 1 species could be placed 
exclusively in 1 group. 
In a later paper, Slack and Gerencser (40) reevaluated the 
serological groups taking into account morphological and biochemical 
characteristics of the organisms. Four species of Actinomyces were 
studied: A· bovis, �. israelii, A. naeslundii and A. eriksonii. 
From their studies Slack and Gerencser proposed the following 
serological groups, excluding the anaerobic diphtheroids, based on 
·the FA technique: 
Group A-----------A. naeslundii 
Group B-----------A. bovis 
Group C-----------A. eriksonii 
Group D-----------A. israelii 
11 
Gel-diffusion tests were carried out to confirm the above groups. 
It was also found that antigens from A· naeslundii, A. israelii and 
A. bovis reacted with antiserum to Corynebacterium acnes, indicating 
a serological relationship between some Actinomyces spp. and 
Corynebacterium acnes. 
Slack et al. (42) studied� cases of cervicofacial actinomycosis, 
and using FA techniques were able to identify the causative agent of 
the infection as A. israelii. Morphological, serological and 
physiological studies were carried out and the identification was 
verified. These 2 cases are the first to be directly diagnosed by 
this method. 
Lambert et al. (26) studied strains of A. israelii and 
A. naeslundii in an attempt to develop a FA test to differentiate the 
2 species. Their results indicated that FA reagents can be prepared 
that will be useful in identifying A. israelii and A. naeslundii. 
- ----- -
Table 2. Classification of organisms with FA technique (44) 
Group A 
Actinomyces bovis (16)* 
A. israelii (1) 
A. naeslundii (11) 
Cory_n _e_ba£!_erium acnes (17) 
Microaerophilic 
actinomycetes (17) 
Unnamed species (31) 
Group B 
A. bovis (2) 
A. israelii (2) 
A. naeslundii (4) 
Microaerophil iS 
actinomycetes (3) 
Unnamed species (4) 
Group C 
A. bovis (2) 
Microaerophilic 
actinomycetes (11) 
*Numbers in parenthesis indicate the number of cultures studied 
Group D 
A. bovis (7) 
A. israelii (11) 
A. naeslundii (1) 
Microaerophilic 
actinomycetes (1) 
� 
·N 
In addition, it was determined that the agar ·gel-diffusion test is 
equal in sensitivity to that of the FA test,.with the FA technique 
being somewhat more specific, as the gel-diffusion test showed 
several cross-reactions with heterologous species. 
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Ovennan and Pine (30) attempted to study the fine structures of 
members of the order Actinomycetales by electron microscopy. Marked 
differences were observed between A. bovis, A· israelii, A. naeslundii 
and A· propionicus. On the basis of general morphology, cell-wall 
thickness, and cytoplasmic membrane complexes, f:._. bovis and A· israelii 
appear to be distinct species. As already pointed -out the relationship 
of A .  bovis to A .  israelii has not always been clear in the past and 
some laboratories have considered A. israelii to be either identical 
to, or a variant of, A .  bovis . 
In 1955 Cummins and Harris (10) studied the cell-wall composition 
of several Gram-positive cocci and bacilli. Their results indicated 
the possibility of differentiating bacterial genera, and perhaps 
species, by cell-wall composition . In 1956, Cummins and Harris (9) 
did further studies on cell-wall composition (Table 3 to 6) and 
concluded that, in general, each bacterial genus appears tQ have a 
characteristic pattern of cell-wall components. Variations in the 
relative proportions of the sugars appear to differentiate the species 
within a genus. It was also found that in the case of Corynebacterium 
pyogenes and C. haemolyticum the results of cell-wall analyses are 
different than those obtained in other corynebacteria. The findings 
226938 
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in 6 strains off. E,Yogenes, for example, support the rejection of 
this species from the genus Corynebacterium and its inclusion instead 
in Streptococcus, on the basis of cell-wall components. 
Studies on the Actinomycetales were undertaken in 1958 by 
Cummins and Harris (8) in which Actinomyces, Nocardia, Streptomyces, 
Micromonospora, Mycobacterium and Propionibacterium were investigated. 
The results suggested that the actinomycetes are not related to the 
fung·i and should be classified with the bacteria proper. On the basis 
of cell-wall composition a classification of the actinomycetes was 
proposed, to consist of 3 families: Mycobacteriaceae containing the 
genera Mycobacterium, Nocardia and Corynebacterium; Streptomycetaceae 
containing Streptomyces and Micromonospora; - and Ac.tinomycetaceae with 
a single genus Actinomyces. Table 7 shows the characteristic cell­
wall components of the families and genera described. 
These results were substantiated by Cummins (7) in antigen 
studies with the agglutination test of related genera based on cell­
wall composition. A common antigenic component was identified in all 
those strains of Corynebacteria, Mycobacteria and Nocardia which have 
arabinose and galactose as their principal cell-wall sugars. Cummins 
concluded that the antigenic studies confirmed relationships suggested 
by cell-wall composition alone. 
In 1967, Pine and Boone- (31), using the methods of Cummins and 
Harris (9), attempted to find out whether cell-wall composition 
differed in rnycelial and smooth forms of!'}._. bovis and b:_. israelii. 
Their results indicated no major differences existed in cell-wall 
15 
Table 3. Cell-wall composition of various groups of streptococci (9) 
•r-1 
s m 
(/) 
0 
•r-1 X r:: s � (1) (1) •r-1 m 
(/) (I) ti.) fJ U) C) 0 Cf} 0 (1) (1) 0 r:: 'H Cl) ·r-1 r:: 0 .µ (/) ti.) Cl) .µ � .µ r:: fJ (I) (1) r:: •r-1 � C) 0 0 0 C) 0 S-1 'H r:: r:: "H ..0 m C) r:: C) m p m r:: .µ 'H •.--1 C) m m ,--{ ::1 p ::1 ,-I � p,. m ::1 U) 
� 
S-1 
S-1 t§ m ,-I m r-l m § U) ,-I ,-I s Cl) .-{ � C,!) C,!) � C,!) C,!) � � C,!) ti'.) C,!) 
Streptococcus sp . 
Group A 0 2 0 0 0 2 0 1 0 3 3 3 0 0 0 
Group B NCTC 6175 0 2 1 0 0 1 0 1 0 3 3 3 0 0 0 
Group C NCTC 4540 0 2 0 Tr 0 1 2 1 0 3 3 3 0 0 0 
Group D NCTC 370 0 2 0 2 1 1 1 1 0 3 3 3 0 0 0 
Group D NCTC 61a2 0 2 1 2 t 1 1 1 0 3 3 3 0 0 0 
Group E NCTC 5385 0 2 0 2 Tr 1 0 1 0 3 3 3 0 0 0 
Group F NCTC 5389 0 2 1 2 0 1 1 1 0 3 3 3 0 0 0 
Group G NCTC 4549 0 2 2 0 0 1 1 1 0 3 3 3 0 0 0 
Numbers indicate relative concentration 
't ,,  
'· 
:; 
C. 
C. 
C. 
C. 
_Q. 
C. 
C. 
. _Q. 
C. 
C. 
C. 
C. 
C. 
C. 
C .  
Table 4. Cell-wall composition of CorYE!ebacterium 
diphtheriae 
ulcerans 
bovis NCTC 3450 
xerosis 
hofmanni 
renale 
egui NCTC 
murium 
pyogenes 
pyogenes 
pyogenes 
pyogenes 
pyogenes 
pyogenes 
1621 
NCTC 5224 
Wye 1 
Wye 2 
Wye 3 
13081 
637 
haemolyticum 53/W/l 
(1) 
Q) 
0 CJ) 
p 0 
•r-f � 
..0 fJ 
H � <I'.! 
3 0 
3 0 
3 0 
3 0 
3 0 
3 0 
3 0 
3 1 
0 2 
0 2 
0 2 
0 2 
0 2 
0 2 
0 2 
(1) 
p 
(]) •r-f 
C/) s 
0 (1) Q) co 
.µ ti) C/) CJ) 
0 0 0 0 cu CJ p CJ 
.-t ;:; p ;:; 
(lj .-t (lj .-t 
c.!> c.!> � c.!> 
2 0 1 1 
2 0 2 1 
2 1 2 1 
2 0 2 1 
2 1 Tr 1 
2 1 1 1 
3 0 Tr 1 
3 Tr 1 1 
0 1 ± 1 
0 2 Tr 1 
0 1 ± 1 
0 1 ± 1 
0 2 0 1 
0 1 Tr 1 
0 0 0 1 
Numbers indicate relative concentration. 
� 
p 
•H 
p 0 
•H X 
s co 
CJ) CJ 
0 p •r4 Q) 
.µ � .µ � 
CJ 0 H ·H 
Cd p Cd � 
r-l � P.. cu 
Cd p CJ) .-t 
c.!> :=> <I'.! <I'.! 
0 1 0 3 
0 1 0 3 
0 1 0 3 
0 1 0 3 
1 1 0 3 
1 1 0 3 
0 1 0 3 
1 1 0 3 
1 1 0 3 
1 1 0 3 
1 1 0 3 
1 1 0 3 
1 1 0 3 
1 1 0 3 
1 1 0 3 
16 
spp. (9) 
•H � .., .. 
s Q) p Q) cu p •H p 
.µ ·r-f (/) •,-{ 
;:; CJ) P-1 � H 
r-f � <I'.! .-t Q) 
c.!> H A c.!> Cl) 
�; 
3 0 3 0 0 
3 0 3 0 0 
3 0 3 0 0 
3 0 3 0 0 
3 0 3 0 0 
3 0 3 0 0 
3 0 3 0 0 
3 0 3 0 0 
3 3 0 0 0 
3 3 0 0 0 
3 3 a 0 0 
3 3 0 0 0 
3 3 0 0 0 
3 3 0 0 0 
3 3 0 0 0 
Table 5.  Cell-wall composition of Lactobacillus spp. (9) 
p 
•H 
s 
Cl) Cl) 
p 0 
Cl) •H X 
p s (lJ 
Cl) Cl) 'H Ctl � 
ti) Cl) ti) s en CJ CJ 
0 Cl) 0 Cl) Cl) Ctl 0 � 
'H Cl) •H 
p 0 .µ Cl} Cl) Cl) .µ .µ p s Cl) 
•H 
� 
CJ 0 0 0 CJ 0 H 'H Ctl p 
..0 Ctl CJ p CJ Ctl p Ctl p .µ 'H 
r--1 ::s p ::s .-I � p. Ctl ::s Cl) P-1 
� Ctl .-I Cl:$ r--1 Ctl p Cl) r-1 ,-1 $ � 0 5? � 0 c.!> � � � c.!> A 
Lactobacillus sp. from 
Yoghu�t (unident. ) 0 ·o Tr 1 ± 1 0 1 3 3 3 3 0 
L. acidoEhil us 
NCTC 1899 0 0 0 ± 0 1 0 1 3 3 3 3 0 
L. helveticus NCTC 76 0 0 0 ± 0 1 0 1 3 3 3 3 0 
L. fermenti NCTC 2797 0 0 2 2 Tr 1 0 1 3 3 3 3 0 
L. brevis NCIB 8038 0 0 0 2 Tr 1 0 1 3 3 3 3 0 
L. casei NCIB 8019 Tr 1 2 2 2 1 1 1 3 3 3 3 0 
L. delbrueckii 
NCIB 7473 0 2 2 3 Tr 1 1 1 3 3 3 3 0 
L. Elantarum 
NCIB 8030 0 0 0 1 0 1 0 1 0 3 3 0 3 
L. Elantarum 
NCIB 8216 0 0 0 1 1 1 0 1 0 3 3 0 3 
L. Elantarum 
NCIB 7220 Tr 0 0 3 2 1 0 1 0 3 3 0 3 
L .  Elantarum 
NCIB 8016 0 0 1 2 0 1 0 1 0 3 3 0 3 
Numbers indicate relative concentration. 
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'( .. 
Cl) p 
p •H 
"H CJ 
H 
Cl) 
Cl) c.!> 
<' 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
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Table 6. Cell-wall composition of various coc c i  (9)  
s 
(1) 
0 
•r4 X 
c::: s (l) 
(1) (1) •.-l cu � 
CJ) (l) CJ) � CJ) CJ 0 CJ) 0 (1) (l) 0 c::: •r4 (1) •r-l 
0 .µ CJ) Cl) Cl) .µ � .µ c::: � (1) (l) •M c::: (J 0 0 0 CJ 0 H •r-l t:: t:: •r-l 
ij cd (J c::: t) cu c::: cu c::: .µ 'M •M .-I ::l c::: ::l .-I � p.. <d ::l co P-1 H ..c: cd .-I cu .-I Ci$ c::: CJ) .-I .-I >-, <c: (l) � c., c., � c., c., :::> <c: <c: c., ....:t A C/) c., 
StaEhylococcus aureus 
(coagulase +) 0 0 0 0 0 1 0 1 0 3 3 3 0 Tr 3 
s .  albus (coagulase - )  0 0 0 0 0 1 0 1 0 3 3 3 0 1 3 
s .  citreus 0 0 0 1 1 1 0 1 0 3 3 3 0 0 3 
Sarcina lutea NCTC 61 1 0 0 0 2 0 1 0 1 0 3 3 3 0 0 3 
Micrococ c.us lu teus 
NCTC 8512 (ATCC 398) 0 0 2 1 0 1 Tr 1 0 3 3 3 0 0 0 
Aerococ cus viridans 
NCTC 8251 0 0 0 1 1 1 1 1 0 3 3 3 0 0 0 
. 
A. viridans NCTC 7 5 9 3  0 0 . 0  1 0 1 1 1 0 3 3 3 0 0 0 
A .  viridans NCTC 7 592  0 0 1 1 0 1 1 1 0 3 3 3 0 0 0 
A .  viridans NCTC 7 7 64 0 0 1 1 Tr 1 1 1 0 3 3 3 0 0 0 
Microc occus cinnabareus 
NCTC 7502 3 0 2 0 Tr 1 + 1 0 3 3 0 3 0 0 -
t! ·  rhodochrous 
NCTC 7 510 3 0 2 0 Tr 1 + 1 0 3 3 0 3 0 0 
Numbers indicate relative concentration . 
Table 7 .  Classification of actinomycetes , based on cell-wall composition (8 ) 
Family 
Mycobacteriaceae 
Actinomycetaceae 
S treptomycetaceae 
Genus 
Nocardia 
Mycobacterium 
Corynebac terium 
Ac tinomyces 
Streptomyces 
Micromonospora 
(Propionibacterium) 
Sugars 
Arabinose , 
galactose 
Galactose 
No charact ­
eristic sugar 
* In Micrornonospora DL-diaminopirnelic acid is also present. 
Amino Acids 
Alanine , glutamic 
acid , DL-diamino� 
pimelic acid 
Alanine , ·  glutarnic 
acid , lysine 
Alanine , glutamic 
acid , glycine , 
, LL-diaminopim- · 
e lic acid�•_. 
"\' .. ' 
f-1 
\.0 
composition between the rough or smooth forms of these organisms. 
They did, however, confirm the work of Cummins and Harris (8) in 
previous studies . concerning cell-wall analysis of the Actinornyces. 
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Hesseltine (19) reviewed the data available up until 1960  
concerning the Actinomycetales. He concluded that the actinomycetes 
must be isolated , grown and studied more as if they were fungi than 
bacteria, based on morphology and _physiology. This, of course, is 
not in agreement with the work of Cummins and Harris (8) . 
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MATERIALS AND METHODS 
The organisms used in these experiments and their sources are 
listed in Tables 8 and 9 .  The unknown diphtheroids were · isolated in 
this laboratory by Biever (2) from abcesses of cattle and swine which 
were obtained from the Armour and Co. slaughterhouse in Huron , South 
Dakota . 
The biochemical tests were included in this study to confirm 
Biever's results. Corynebacterium haemolyticum was not included in 
the chr6matography studies because of difficulty in growing this 
organism in the medium used in that portion of the study . 
BIOCHEMICAL TESTS 
Catalase Production. Duplicate slants of brain heart infusion 
(BHI) agar* were inoculated with the test organisms and incubated at 
37 C. Catalase production was determined at intervals of 7 and 14 
days by the following methods : .  
1. Several drops of 3% HzOz were added directly to the growth 
on the_ BHI agar slants. The active evolution of bubbles 
was considered to be a positive test. A BHI agar slant of 
Micrococcus pyogenes was used as a positive control. 
2 .  A loopful of the culture was removed from the slant, mixed 
with 1 drop of 3% H2O2 and overlaid with a coverslip. The 
active production of bubbles was recorded as a positive test 
*Baltimore Biological Laboratories, Baltimore , Md. 
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for the presence of catalase. A BHI agar slant of Micrococcus 
pyogenes was used as a positive control and glass slides and 
coversliJ.)S were used as negative controls. In both 
procedures pure c ultures were verified by Gram stains. 
Fermentations. The basal medium for the fermentation tests 
consisted of fluid thioglycollate broth without dextrose or ind icator* 
but with 1 gm of yeast extract and 1 ml of a 1% solution of brom 
thymol blue indicator added per liter. Eight ml portions of this 
basal �edium were dispensed into 15 x 125 nnn test tubes . Durham tubes 
were added and the medium sterilized at 121 C for 15 minutes. To each 
tube was added 0. 5 ml of a 10% aqueous solution of the desired carbon 
source which had been sterilized by filtration with 0 . 22 u pore sized 
Millipore filters. 
The test organisms were inoculated into thioglycollate broth, 
with indicator, to which was added 1. 5 gm of trypticase soy broth 
and 1. 25 gm of tryptose broth ·per liter (TTST medium). The cultures 
were incubated anaerobically for 5 days at 37 C .  Four drops of the 
growth in this medium from a Pasteur pipette were used as an inoculum . 
Uninoculated tubes of the fermentation medium served as controls and 
the purity of the seed �ultures was determined by Gram stains. 
The inoculated tubes were incubated anaerobically _ at 37 C and 
observed at 7 and 14 days for the production of acid and gas . Acid 
*Baltimore Biological Laboratories, Baltimore, Md. 
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production was determined by a color change from green to yellow in 
the medium and gas production was observed as b ubbles in the Durham 
tubes. 
If, at the end of 14 days, the acid color change was _questionable, 
the tubes were checked with a pH meter using the method of Georg 
et al. (15) . A drop in pH of 0 . 49 units or less was considered to 
be a negative reaction, a change Gf 0 .5 to 0. 9 pH units a plus-
minus reaction, and a change of 1 or more pH units a positive reaction. 
These changes in pH were determined with uninoculated sugar tubes  as 
the standard. 
CHROMATOGRAPHY 
Preparation of cells for chromatography. Mass cultures of the 
organisms listed in Tables 8 and 9 were cultured and prepared for 
thin-layer and gas chromatography as follows : 
1. The organisms were inoculated into 6 screw-capped water 
dilution bottles each containing 100 ml of Actinomyces 
Maintenance Broth* with 0. 5% sodium thioglycollate added. 
The med i um was then autoclaved for 12 minutes at 121 C. 
After coa ting, 5 drops of rabbit serum, which had been 
sterilized by filtration with 0.22 µ pore sized Millipore 
filters, were added to each dilution bottle . 
2. The organisms were incubated at 37 C for 10 days. Five-tenths 
ml of formalin was added to each bottle which was allowed to 
stand overnight at room temperature. 
*Baltimore Biological Laboratories, Baltimore, Md. 
Table 8. Sources of reference org�nisms 
Name 
Actinomyces 
Actinomyces 
Actinomyces 
Actinomyces 
Actinomyces 
Actinomyces 
Actinomyces 
Actinomyces 
Odontomyces 
naeslundii 
eriksonii 
parabifidus 
odontolyticus 
bovis 
prop ionic us 
israelii 
discofoliatus 
viscosus 
Ramibacteriurn pleuriticum 
Corynebacterium pyogenes 
Corynebacterium acnes 
Number Source 
ATCC12104 ATCC·k 
ATCC15423 ATCC 
ATCC17930 ATCC-
ATCC17929 ATCC 
ATCC13683 ATCC 
ATCC14157 ATCC 
W-855 NCDC*;'< 
W-859  NCDC 
W-828 NCDC 
W-765 NCDC 
W-972 NCDC 
X-424 NCDC 
*American Type Culture Collection, Washington, D . C .  
**National Communicable Disease Center, Atlanta , Georgia . 
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Table -· 9 .  Clinical sourc es of unknown organisms 
Number Sourc e 
230 Swine Udder 
327 Swine Udder 
333 Swine Udder 
179 Swine Jowl 
24 Swine Jowl 
144 Swine Liver 
130 · Beef Liver 
168 Swine Udder 
221 Beef Liver 
288 Beef Liver 
217 Beef Liver 
279 Swine Jowl 
303 Swine Udder 
166 Swine Udder 
97 Swine Udder 
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3.  Gram stains were made of the contents of each bottle to check 
for purity of the cultures. 
4 .  The celLs were harvested by centrifugation* (30 min �t 3500 
rpm, International head No. 822) . 
5. About one gm wet weight (85 mg dry wt) of cells was suspended 
in 8 ml distilled water and subjected to sonification with 
a Branson Model S110 sonifier** using a probe tip. An 
ice-water bath was used to cool the tube during sonification. 
One minute sonification intervals were used with one -half 
minute cooling periods between operations. The power setting 
was such that s plattering of the suspension was held to a 
minimum (approximately 5 or 6). In general, sonification 
· time was 20 minutes but where breakage was difficult this 
was increased to 30 or 40 minutes. 
6. After sonification for a period of 10 minutes the suspension 
was centrifuged at 1500 rpm for 40 minutes to remove the 
unbroken cells. The resulting cloudy supernatant fluid was 
observed under a phase microscope (l000X) to determine the 
degree of _breakage. The supernatant flu�d was then carefully 
removed and the remaining unbroken cells were subjected to 
further sonification. 
7. The procedures of Cummins and Harris (9 ) were used for the 
enzyme digestion and hydrolysis of the cell walls. The 
*International Equipment Co. , Boston, Mass . 
**Heat Systems Co. , Great Neck, N. Y. 
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cell-wall material was washed several times in distilled 
water and resuspended in 0. 05 M phosphate buffer (pH 7 . 6) 
and digested �ith crystalline trypsin in a 3 7  C water bath. 
The enzyme was used at O. 5 mg per ml . Digestion was 
continued for 2-3 hours. The mixture was then centrifuged, 
and the deposit washed several times in distilled water, 
resuspended in 0. 02N HCl_ with 1 mg crystalline pepsin per 
ml and digested in a 37  C water bath for 18 - 24 hours . After 
_ peptic digestion, the material was finally washed several 
times in distilled water and stored in 3 ml of distilled 
water plus 0. 3% sodium azide. This material was centrifuged 
and washed several times with distilled �ater before hydroly-
sis. 
8. For the sugar determinations, two-thirds of the sample was 
hydrolyzed . The samples were suspended in 3 ml of 2N H2S04 
and hydrolyzed in sealed tubes in a water bath for 2 hours 
at 100 C. After cooling, the hydrolysates were neutralized 
with solid Ba (OH) 2 and centrifuged . The supernatant fluid 
was then f.iltered and evaporated to dryness in vacuo 
over P205. 
9. For the amino acid determinations, the remaining one-third 
of the sample was hydrolyzed by suspending in 3 ml of 
6 N HCl and hydrolysed in sealed tubes in a water bath at 
100 C for 8 hours . The hydrolysates were then filtered and 
·evaporated to dryness on a boiling water bath. This was 
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accomplished by using micro-Kjeldahl heating units* and 
placing a short length of rubber tubing in the � ample tube 
and connecting it to the manifold so that a vacuum could be 
drawn on each of the sample tubes with an aspirator. Salt 
was also added to the boiling water bath to sli ghtly raise 
the boiling point and thus shorten the evaporation time. 
Thin-Layer Chromatography. TLC (46) was used to determine the 
amino acids and hexosamines. The 20 X 20 cm plates were washed in a 
detergent, rinsed with distilled water followed by an acetone rinse 
and air dried. A DESAGA** thin-layer s preader was used to spread a 
0. 25 nun thick layer of Silica Gel G adsorbent** to the plates. 
Thirty grams of Sil ica Gel G was mixed with 60 ml distilled water and 
agitated vigorously no longer than 60 seconds prior to spreading . 
The plates were then allowed to air-dry overnight after which they 
were stored in a desiccator j ar over silica gel until ready to be 
used. 
Standard amino acids and hexosamines were prepared by dissolving 
1 mg of the ami no acid in 1 ml of a mixture of water with 10%, by 
volume, of n-propano l.  The unknown samples were dissolved in 0. 25 ml 
distilled water. 
One µl of the standards and unknowns were spotted on the TLC 
plates. Standards having relatively large d ifferences in Rf values 
*Laboratory Construction Co. , Kans as  City, Mo . 
�-kBrinkmann Ins truments, Inc. , Westbury , N. Y. 
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were combined to save space on the plate. The solvent used was a 
mixture of n-butanol-glacial acetic acid-water (80 : 20 : 20 )  which was 
allowed to reach _a  height of about 1 70 - 174 mm on the plate before 
removal from the chamber. The plate was then allowed to air-dry . 
The detection of spots was accomplished by spraying the dried plate 
with a mixture consisting of 0. 3 g ninhydrin dissolved in 1 00 ml 
n -butanol and mixed with 3 ml gla�ial acetic acid. After spraying, 
the plates were heated for 10 minutes at 110 C .  
The Rf values were then calculated and the plates recorded by 
tracing the spots on a transparency after which the spots were in 
turn traced on a sheet of tracing paper. 
The n-butanol-glacial acetic acid-water solvent system did not 
separate valine and ce ., E -diaminopimelic acid (DAP) and alanine was 
masked by several other amino acids. Therefore , all samples were 
reanalyzed using n-propanol-water-glacial acetic acid (70 : 30 : 3) as 
a solvent system to separate valine and DAP . A 75% solution of 
phenol was used as a solvent to isolate alanine. 
Gas Chromatography .  Gas chromatography was used to determine 
the sugars (47 ) . A _ Beckman GC-4 Chromatograph*, with hydrogen flame 
ionization detector , employing coiled stainless steel columns , 6 ft 
b y  0 . 25 inch o. d .  packed with 3% SE-52 (Silicone gum rubber , phenyl 
methyl) was used . The flow rate was 60 ml per minute for 1 column 
and 66 ml per minute for the other , with an inlet pressure of 30 to 40 
psi . The temperature of the columns was maintained at 170 C .  
*Beckman Instruments , Inc . , Fullerton , Calif. 
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·Trimethylsilyl (TMS) derivatives of  the staridards and unknown 
samples were prepared by treating the samples with 1 ml of anhydrous 
pyridine, 0. 2 ml _of hexamethyldis ilazans, and 0 . 1  ml of  
trimethylchlorasilane. The solution was shaken vigorously for 3 0  
·seconds and allowed to stand for 5 minutes or longer a t  room 
temperature. Ten mg quantities of the standards were reacted as 
described above. The unknown samples were treated in a similar 
manner with the exception that one-fourth the amounts of all reagents 
were used in the assumption that the sugars present would be at a 
higher concentration to more accurately identify them. All solutions 
were gently heated and the vigorous shaking repeated to be sure that 
all of the sample had dissol ved and reacted . The standards were then 
injected - into the gas chromatograph in 1 µl quantities and the unknown 
samples in 3 pl quantities. 
RESULTS AND DISCUSSIONS 
This study concerned itself with a comparative study of the 
cell-wall constituents of unidentified diphtheroids isolated from 
cattle and swine and reference organisms of similar morphology. 
31 
The results of this investigation are summarized in Tables 10 to 16. 
The results of the catalase test of the reference organisms and 
the unknown diphtheroids are shown in Table 10. It can be seen that 
the test is variable within the genus Actinomyces which , until 
recently , had been considered to be catalase negative (3 6). 
The fermentation reactions of the reference organisms are shown 
in Table 11 and the reactions of the cattle and swine unidentified 
diphtheroids are listed in Table 12 . 
The sugars found in cell-wall hydrolysat�s of the reference 
organisms and of the unidentified diphtheroids as determined by gas 
chromatographic techniques are Jisted in Tables 13 and lL� , respectively. 
Four unidentified sugars which did not correspond with the standards 
used were designated A ,  B ,  C and D. 
The amino acid content of cell-wall hydrolysates of the reference 
organisms and the �nidentified diphtheroids as determined by thin-layer 
chromatography are listed in Tables 15 and 16 , respectively. Glycine 
and serine were listed as a combination as was lysine and ornithine. 
These amino acids could not be resolved with the solvent systems used 
in this study. Two unidentified amino acids were observed , one having 
a_ relatively high Rf value was designated A ,  the other having a 
relatively low Rf value was designated B. 
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Table 10. Catalase Reactions of refereqce organisms and unidentified 
diphtheroids 
Organism Results 
A .  Eropionicus 0 
A .  bovis 0 
A .  naeslundii 0 
A .  odontolyticus + 
A .  discofoliatus + 
A .  :earabifidus + 
A .  israelii 0 
A .  eriksonii 0 
0. viscosus + 
R. Eleuriticum 0 
C. EYogenes 0 
C. hemolitic um 0 
C .  acnes + 
230 0 
24 0 
144 + 
333  0 
1 79 0 
166 + 
221 + 
288 + 
168 + 
217 + 
303 + 
327 0 
2 79 + 
130 0 
97 0 
+ = catalase produced ; 0 no catalase produced 
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Table 1 1 . Fermentat ion reac t ions of reference organisms 
(/) 
{.) CJ) .w s 
•.-t ::1 •r-1 ::1 co ::1 
•.-t •r-1 "d .w , {.)  •r-1 {.) 
. "O •r-1 •.-t •r-1 •r-1 r-1 (/) 
; 
•r-l •r-l 
. i:: i:: •r-l � r-1 i:: 0 ::1 .w .w 
::1 0 r-1 •r-l 0 0 4-J (/) . •.-t 
.....-l (/) QJ ..0 .w (/) •r-1 0 0 .....-l r/) H 
fJ) � co co i:: •r-1 Q.. {.) {.) 0 (l.J 
•r-1 H H 0 > 0 ti) CJ) s i:: 
H ti) <U "O 0 H •,-I •r-1 (l.J CJ 
QJ •r-l p, 0 ..0 "O > ..c: co 
�, <: I  <: I  <: I  <: I  <: I  �, <: I  o l  o l  U (  o l  � ,  
Adonitol 0 0 0 A A 0 A 0 0 0 0 0 0 
Alpha-methyl 
d-glucos ide (A) A 0 A 0 (A) 0 0 0 0 0 0 0 
Arabinose 0 A 0 0 0 A A 0 A A 0 0 0 
Cellobiose 0 A A 0 0 0 0 0 0 0 0 0 0 
Dextrin A A A 0 0 A (A) 0 A 0 0 0 0 
Dulc i tol 0 0 0 0 0 0 . 0 0 0 0 0 0 0 
i-Erythri tol 0 0 0 A A 0 0 0 0 0 0 0 0 
Fruc tose A A A A A A (A) A A 0 0 A A/G 
Galac tose A A A A A A A A A 0 0 0 0 
Glucose A A A A A A A A A A 0 A A/G 
Glycerol (A) 0 0 A A 0 (A)  A (A) 0 0 0 0 
Glycogen 0 A 0 0 0 A 0 0 0 0 0 0 0 
i-Inos i t'ol A 0 A 0 A 0 0 0 (A) 0 0 0 0 
Inul in A A (A)  0 0 0 (A) 0 A 0 0 (A) 0 
Lac t ic ac id 0 0 0 0 0 0 A 0 0 0 0 0 0 
Lac tose A A A 0 0 (A) A A A A 0 A 0 
Maltose A A A 0 0 A A A A 0 0 (A) 0 
Manni tol 0 A A A (A) 0 A A (A) 0 0 0 A/G 
Mannose A A A A' A 0 A A A 0 0 (A) 0 
Melibiose A A A 0 0 0 0 0 A 0 0 (A )  0 
Meliz i tos e (A )  0 (A)  0 0 0 0 0 0 0 0 0 0 
Raf finose A A A 0 0 0 A 0 A 0 0 0 0 
Rhamnose A 0 (A)  0 0 0 0 0 0 0 0 0 0 
Ribose 0 A A A A 0 0 A A A (A) A 0 
Salic in A A A 0 0 0 0 0 0 0 0 0 0 
Sodium aceta te (A) · 0 0 0 0 0 0 0 0 0 0 (A) 0 
Sodium 
pyruva te (A )  0 (A) 0 0 0 (A) 0 0 0 0 A 0 
Soluble potato 
s tarc h A A A 0 0 (A) 0 (A)  A (A) 0 (A) 0 
Sorbi tol (A) 0 0 A A 0 A A A 0 0 0 A/G 
Sorbose  0 0 0 0 0 0 0 0 0 0 0 0 0 
Sucrose A A A 0 0 A A A A 0 0 0 0 
Trehalose A A A A 0 0 A 0 (A) , (A) 0 (A) 0 
Xylose 0 A A 0 0 0 0 0 0 0 0 0 0 
. A ac id ; (A) = weakly ac id ; A/G = a·c id and gas ; 0 = no reac t ion 
34 
Table 12. Fermentation Reactions of unidentified diphtheroids 
2 30 · 24  144 333  179 1 66 2 21 2 8 8  168 2 17 303  327 279 130 97 
Adonitol A A A 0 A A A A A A A A 0 A A 
·Alpha-methyl 
d-glucoside 0 (A ) 0 A A 0 0 0 0 0 0 0 0 0 0 
· Arabinose A A A A A 0 0 0 0 0 0 0 0 A 0 
Cellobiose A A A A A 0 0 0 0 0 0 0 (A) 0 0 
Dextrin A A A (A) A 0 0 0 0 0 0 A 0 A A 
Dulcitol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
i-Erythritol (A) A A (A ) A A 0 A A 0 0 A (A) A A 
Fructose A A A A A A A A A · A A A A A A 
Ga lactose A A · A (A) A A A A A A 0 A A A A 
Glucos e A A A A A A A A A A · A A A A A 
Glycerol A (A ) (A ) (A ) A A A A A (A ) A A A A A 
Glycogen 0 (A ) 0 (A ) (A ) 0 0 0 0 0 0 A (A ) 0 A 
i-Inositol 0 0 A (A) 0 0 0 0 0 A 0 A (A) 0 A 
Inulin (A )  (A ) 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lactic acid 0 0 (A ) {A) 0 0 · o 0 0 0 0 0 0 0 0 
Lactose A A (A) (A) A 0 0 0 0 0 0 A A 0 (A) 
Maltose A A A A A 0 0 0 0 0 0 A A A A 
Mannitol 0 (A) A (A) 0 A A 0 A A A A A 0 0 
Mannose A A A (A ) A A A A A A A A A A A 
Melibiose (A ) (A ) A (A ) (A} 0 0 0 0 0 0 0 0 0 0 
Melizitose 0 (A) 0 (A )  0 0 0 0 0 0 0 A 0 A A 
Raffinose (A ) (A ) 0 (A ) 0 0 0 0 0 0 0 0 0 0 0 
Rhamnose 0 (A ) 0 0 - A  0 0 0 0 0 0 0 0 0 0 
Ribose A A A 0 A A A A A A A A A A A 
Saiicin A A A A A 0 0 0 0 0 0 0 (A ) A 0 
Sodium 
acetate (A) (A ) 0 (A ) (A ) 0 0 0 0 0 0 0 0 0 0 
Sodium 
pyruvate (A ) (A ) 0 A {A ) 0 0 0 0 0 0 0 (A ) 0 0 
Soluble potato 
starch A A A A A 0 0 0 0 0 0 0 A A 0 
So.rbitol (A) 0 0 (A ) (A) A A A 0 A 0 A A 0 0 
Sorbose 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sucrose A A A A A 0 0 0 0 0 0 0 0 A 0 
Trehalose (A) (A ) 0 0 - (A ) 0 0 0 0 0 0 0 A 0 0 
Xylose A A A A 0 0 0 0 0 0 0 A 0 A A 
A = acid ; (A ) = weakly acid ; 0 no acid 
Table 13. Sugar content of cell-wall hydrolysates of reference 
organisms 
< i:Q u 
(l) 
0 Cl) 0 (l) (l) +J +J +J 
0 (l) +J Cl) Cl) i:: c::: i:: 
c::: Cl) u 0 0 (l) (l) (l) 
� 0 C1j u i:: 'U 'U 'U u ,.-4 :;j i:: •r-1 •r-1 •r-1 . •r-1 
. H ,.c:: :;j C1j ,.-4 t'd i:: i:: c::: 
,x: � 0 0 � 0 0 0 � 
Actinomyces 
naeslundii 0 + + + + + 0 0 0 0 
A .  eriksonii + 0 0 + 0 0 + 0 0 + 
A .  discofoliatus 0 0 0 + + + 0 0 0 0 
A. israelii 0 0 0 + 0 0 0 0 0 0 
A .  bovis + + + + + + 0 0 + 0 
A. odontolyticus 0 + + + + + 0 0 + 0 
A. Earabifidus 0 0 0 + + + + 0 0 0 
A .  propionicus 0 0 b + + 0 0 0 0 0 
Corynebacterium 
Eyogenes 0 + 0 + + + 0 0 0 0 
C. acnes 0 0 0 + + + 0 0 0 0 
Odontomyces 
viscosus 0 0 0 + + + 0 0 0 0 
Ram ibacterium 
Eleuriticum 0 + 0 + + + 0 . 0 + 0 
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Table 14 . Sugar content o f  cell-wall hydrolys ates o f  unidentified 
diphtheroids 
� p::i t.) 
(l) Cl) . 
0 Cl) 0 (I) (I) .µ .µ .µ .µ 
p 0 (l) .µ Cl) u:, p p p p 
"M 
� 
U'J () 0 0 (l) Cl) QJ (l) 
0 m () p "\.J ro ro 
(.) ,-{ ;:l p "M "M "M "M 
� ;:l m ,-{ i1 p p p § � µ.i C, C, p :::> p 
166 0 0 0 + + + 0 0 0 0 
97 0 0 0 + + + 0 0 0 0 
217 0 0 0 + + + 0 0 0 . 0 
24 + + 0 + 0 0 0 0 0 0 
179 + + + + 0 0 0 0 + 0 
327 0 + 0 + + 0 0 + + 0 
333  0 + + + + 0 0 0 + 0 
279 0 + 0 + + + 0 0 0 0 
130 0 + + + + + 0 + + 0 
230 0 + + + + 0 0 0 + 0 
288 0 0 0 + + + 0 0 0 0 
144 0 0 0 + + + 0 0 0 0 
221 0 0 0 + + + 0 0 0 0 
168 0 0 0 + + + 0 0 0 0 
303 0 0 0 + + + 0 0 0 0 
"( .,. 
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Table 15. Amino acid content of cell-wall hydrolysates of reference 
.org_a.n.i_sms_ 
(l) 
p 
(l) •r-4 
(l) 
•r-1 p ..µ 
(l) H •r-1 •r-1 
p (l) ij p < p::i -rt ti) H 
CJ CJ I Cl) (l) 0 
•r-4 (l) 0 p I (l) •r-4 (l) ..µ ..µ 
(l) (l) fJ p ..µ •r-4 (l) p ..µ p c p r-1 p •r-1 CJ p p •r-f H •r-f Q) (l) 
I •r-4 ..µ CJ co •r-f •r-1 CJ co p "'d '"O 
0 .-I p... :::l >, r-1 bO Cl) ::, p.. co •r-1 •r-4 
(/) co < r-1 - r-1 co H >, (l) Cl) r-1 p 
::> A 0 0 0 < H H < < ::=> ::=> 
Actinomyces 
naeslundii 0 1 0 4 3 0 0 3 l 3 2 2 2 
A .  eriksonii 1 0 0 4 3 0 0 3 0 2 3 2 0 
A .  discofoliatus 1 1 0 4 3 3 3 0 0 0 4 1 1 
A .  israelii 0 1 0 4 3 2 0 3 1 0 4 2 0 
A .  bovis 1 0 0 4 3 0 0 3 0 2 3 2 0 
A .  odontolyticus 0 1 0 4 3 2 0 4 1 0 3 1 0 
A .  Earabif idus 0 1 0 4 3 0 0 3 1 0 1 1 2 
A .  Eropionicus 0 0 0 3 3 0 0 3 1 0 2 1 0 
Corinebacterium 
:eyo�enes 0 2 0 4 4 4 4 0 2 0 4 2 2 
C. · acnes 1 1 0 4 3 2 0 3 0 0 3 2 2 
Odontomyc.es 
viscosus 0 1 - 0 4 ·  3 3 3 0 0 0 3 1 1 
Ramibacterium 
El euriticum 0 0 0 4 3 0 4 0 0 0 4 2 0 
Numbers indicate relative concentration. 
3.8 
Table 16. Amino acid content o f  cell-wall hydrolysates o f  unidentified 
d iphtheroids 
QJ 
QJ 
QJ c:: 
H •.-I •rl 
QJ s c:: < 
•.-I Cl) ctl H 
(J I Cl) QJ 0 
•rl QJ 0 c:: I QJ •r-1 QJ .,J 
QJ QJ fJ c:: .,J •r-1 QJ c:: .w c:: c:: c:: c:: •n CJ c:: c:: •n H •rl QJ 
•r-1 .,J u ctl •r-1 •n (J ctl c:: re, 
r--1 P-l ::l :>-. r--1 00 Cl) ::l p.. � •n •rl 
ctl <t! r--1 - r--1 ctl H :>-. QJ Cl) r--1 c:: � A 0 0 0 < .,...:i ....:I < <t! p p 
166 1 1 0 4 3 2 3 0 0 0 3 2 2 
97 1 0 0 4 3 3 3 0 0 0 4 2 1 
217 0 1 0 4 3 0 3 0 1 3 3 2 2 
24 0 0 0 4 0 2 3 0 0 0 1 1 0 
1 79 0 0 0 2 2 0 0 3 0 0 2 1 0 
327 0 0 0 3 0 1 0 2 0 0 2· 0 0 
333 0 1 0 3 3 3 0 3 1 0 2 1 0 
279 1 0 0 4 2 2 3 0 0 0 3 2 1 
1 30 2 1 0 l� 3 3 0 3 0 0 4 2 1 
230 1 0 0 4 3 0 0 3 0 3 2 2 0 
288 1 0 0 4 3 3 3 0 0 0 . 3 2 1 
1 44 1 0 0 3 2 2 3 0 0 0 3 2 1 
221 1 1 0 4 3 3 '} 0 0 0 4 2 2 
168 0 1 0 l� 3 0 3 0 1 3 4 2 2 
30 3 0 0 0 3 3 2 3 0 1 0 3 1 1 
Numbers indicate relative concentration. • 
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The results of this study were analyzed ·by a numerical taxonomy 
method, as described by Skerman (39), based on Adansonian principles 
in classification in which all features of an organism are given equal 
weight. In this study the amino acid and sugar content of the cell­
wall hydrolysates and the catalase reactions were listed for each 
organism studied. The number of similarities between organisms was 
determined and the organisms wera then grouped on the basis of 
percentage of similarity (Table l 7 ) . For example, isolate 97  shared 
23  of the 2 4  characteristics with 2 2 1. The following equation 
illustrates how the percentage of similarity was determined. This 
relationship was determined for every possible pair of organisms. 
Figures were rounded off to the nearest whole nu�ber. 
Percentage similarity = 23 X 100 = 
24 -r-- 95.8%, or 9 6% 
It should be noted that in this investigation the numerical 
system described above was used only to facilitate the grouping of 
the organisms under study. 
Biever ( 2 )  working in this laboratory, isolated 58 unknown 
diphtheroids and on the basis of biochemical and serological reactions 
placed them into 5 major groups . 
Results of this study confirm Biever ' s  designation of a group 
(Group I) of diphtheroidal organisms which he tentatively identified 
as Actinomyces suis (Table 18)� Revisions in the organisms assigned 
to this group were made by Urevig (50) based upon more extensive 
-serological data . Only a minor difference existed between Biever ' s  
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Table 1 7 . Percentage of similarity of reference organisms and 
unidentified diphtheroids based upon catalase test and 
cell-wall constituents 
'° r-l °' 00 -..::t ('I") 00 r-,... '° N r-,... r-,... 00 -..::t 0 \0 r-l 
r-l N 0--. N N r-l ('I") µ:J H ....:I � r-l N 1-) 
166 1 00  
221 1 00 1 00 
9 7  92 92 1 00 
279  92 92  92 1 00 
288 96 · 96 96 96 1 00 
1 L�4 96 96 96 96 1 00 100  
303 8 7  8 7  8 7  8 7  9 2  92 100 
E 1 00 100  92  9 2  96  96 8 7  1 00 
I 96 96 8 7  8 7  92  92 92  96  1 00 
L 92  92  83  83  87  8 7  7 9  92  8 7  1 00 
K 8 3  8 3  8 3  83  79  79  87  83  87  7 9  1 00 
168 8 3  8 3  7 5  7 5  7 9  7 9  8 7  83  87  75  83 1 00 
21 7 8 3  8 3  7 5  7 5  7 9  7 9  8 7  83 8 7  7 5  8 3  1 00 1 00 
J 7 1  7 1  7 9  7 9  7 5  7 5  7 5  7 1  7 5  63 7 9  7 1  7 1  100  
24 6'3 63  7 1  7 1  6 7  67  6 7  63 67 54 7 1  54 54 7 5  
327 50 50 58 58  54 54 54 50 54 58 58 42 42 7 1  
1 79 46 46 54 54 50 so 50 46 50 54 54 46 46 7 5  
333 58 58 58 5 8  54 54 58 58 63 67  7 5  58  58  7 1  
1 30 7 1  7 1  7 1  7 1  67 67  58  7 1  67  79  7 1  SL� 54 6 7  
2 30 54 SL� 63  63  58 58 so 54 50 63 54 54 54 7 5  
A 63 63  7 1  63  67  67  7 5  63  67  7 1  7 1  7 1  7 1  75  
B 54 54 63  63 58 58 50 54 50 63 54 54 54 7 5  
C 63  63  63 63 58 58 67  53 57  71  79  79  7 9  67  
D 6 7  6 7  58 67 63 63 7 1  67  7 1  75  75  6 7  6 7  7 1  
F 75  7 5  6 7  6 7  7 1  7 1  7 9  7 5  7 9  8 3  7 5  8 3  83  58  
G 6 7  6 7  67  58 63 63 7 1  67 71 7 5  7 5  6 7  67 63 
H 50  50  58  . 50  54  54  46 50 46 58 42 50 50 54 
A = Actinomices Eropionicus 
B = A. bov is 
C = A. naeslundi i 
D = A. odontoliticus 
E = A. discofol iatus 
F = A. Earabifidus 
. N 
1 00 
7 1  
7 5  
63  
50  
58 
67  
58  
50  
54  
46 
7 1  
6 3  
...... o, M 0 0 
N ...... M M M 
M r-l M r-l N � i:Q 
1 00 
7 1  100  
75  79  1 00 
71  67  79  1 00 
7 1  8 3  7 9  7 5  1 00 
7 1  7 5  7 9  5 8  7 5  1 00 
63 83 7 1  7 5  92  67  1 00  
54 67  79  75  75  7 5  75  
67  71  92 79  7 1  71  7 1  
50  54  6 7  63  54 79  54 
6 7  7 1  83 63 63 83  54  
50  7 1  50  46 . 7 1  7 1  7 1  
G = A .  israelii 
H = A .  eriksonii 
I = Odontornyc es v iscosus 
u 
1 00 
79  
79  
71  
54 
J = Rarnibact erium pleuri ticurn 
K = Corynebact e rium pyogenes 
L = :C .  acnes 
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A r:c.. c.!> ::r:: 
166  
221 
97  
279  
288 
144 
303 
E 
I 
L 
K 
168 
21 7 
J 
24 
327 
1 7 9 
333 
1 30 
230 
A 
B 
C 
100  D 
7 5  1 00 F 
7 5  7 5  1 0 0  G 
42 58  6 7  1 00 H 
grouping and the grouping based upon the cell-wall components as 
determined in this study. The data obtained in this investigation 
made it necessary to remove isolates 24 and 144 based on their 
dissimilarity to the other members of the group. Urevig's results 
were not confirmed by this study. 
Isolate 230 was 92% similar to Actinomyces bovis (Table 1 7) .  
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Isolate 333 was 92% related to A �  odontolyticus , however, the other 
members of Group I (Table 1 8 ) ,  although 92% related to 230 and 333, 
were o�ly 71% to 83% similar to the 2 reference organisms. Because 
333 and 230 were closely related to other members of the group, they 
were allowed to remain in that group. 
In this investigation the isolates assigned.to Group III were not 
in complete accord with Biever ' s  Group III (Table 1 8) .  Isolate 1 6 8  
was omitted and isolates 1 44, 279, 9 7  and 1 6 6  were added. This 
confirmed the assignment of isolate 97 to this group by Urevig, but 
the addition of 144, 279 and 1 66 was at variance with his conclusions. 
All of the isolates designated as Group III in this investigation 
shared 92% to 1 00% of the features studied - with Actinomyces disco­
foliatus (Table 1 8 ) . Isolates 221 and 1 66 were identical to 
A. discofoliatus and 92% similar to Corynebacterium acnes. 
Isolates 288, 1 44, 221 and 1 6 6  were 92% similar to Odontomyces 
viscosus. It was found that 288 and 144 were identical to each other 
and 9 6% similar to the other members of Group III . This group appears 
to be closely related to these 3 different reference organisms. This 
-is understandable as it was· found that these 3 organisms, c .  acnes, 
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Tabfo 1 8 . Grouping of diphtheroidal isolates from catt_le and swine 
Biever (2 ) Urevig (50 ) Scheetz;� 
Group I Group I Group I 
24 24 
1 30 1 30 
144 144 - - -
179  179  179  
2 30 2 30 2 30 
327 327 
333 333 333 
1 66 
Group III Group III Group III 
97 97 
1 68 1 68 
2 17  
2 2 1  2 2 1  2 2 1  
2 8 8  2 8 8  2 8 8  
144 
279  
1 6 6 
Group IV Group IV Group IV 
2 17  2 17 
279  279  
303 303 303 
1 68 
*Based on cell-wall constituents . 
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A. di·scofolia-tus and 0. viscosus, are from 92% to 9 6% related. This 
may indicate that possibly these 3 organisms are merely separate 
s pecies of the s_ame genus or different s.trains of the same species 
rather than 3 separate genera. Further study is required to 
determine this. 
Isolates 303 ,  168, and 217 were placed in Group IV (Table 18). 
This grouping differed from that proposed by Biever (2) and modified 
by Urevig (5 0).  Isolates 168 and 217 were found to be ident{cal. 
The members of this group were 87% to 92% related to Q_. viscosus, 
however, 3 03 was 9 2% related to 288 and lli-4 of Group III indicating 
a possible relationship between these 2 groups. 
On the basis of the similarities between Group III, Group IV 
and O. viscosus more data is needed to clarify the position of these 
organisms. 
Isolate 24 , which Biever and Urevig placed in Group I, could not 
be placed in any group in this investigation as it was unlike all of 
the unknown diphtheroids and reference organisms. Therefore, this 
organism was considered unidentifiable by the methods used. 
Further work �ust be done combining the biochemical, serological, 
morphological, cell-wall analyses and DNA base ratio data to more 
positively identify these diphtheroids. 
CONCLUSIONS 
1. Isolates 130, 333, 32 7, 1 79 and 230 were identified as 
Actinomyces suis. 
2. Isolates 288, 1 44, 279, 9 7 ,  22 1 and 1 6 6  have be en identified as 
Actinomyces discofoliatus. 
3. Isolates 303, 1 68 and 21 7 have been identified as Odontomyces 
viscosus. 
4. Isolate 24 r emained unidentified . 
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5. Further studies using fermentation end product analyses ; DNA base 
ratios, additional biochemical reactions and morphological 
characteristics ne ed to be carri ed out to substantiate the 
findings of this study. 
• 
1 .  
2 .  
3.  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1 0 .  
11 . 
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